Little information exists, however, concerning the structure, biochemical nature, and growth characteristics of marine bacteriophages. The purpose of this study was to characterize biochemically and serologically two marine bacteriophages and their host strain. Eventually, it is hoped that by the accumulation of such data for marine bacteriophages, in general, their role in the marine environment may be elucidated.
viability.
Several investigators have reported the isolation of bacteriophages active against bacteria cultured from samples of coastal seawater (2, 21) . However, Kriss and Rukina (6) and Spencer (14, 15) were able to demonstrate the presence of bacteriophages in waters beyond the littoral zone. Several genera and species of bacteria, isolated from the Black Sea and the North Sea, including Micrococcus, Bacillus, and Photobacterium species, served as host for the bacteriophages. Details of isolation, characterization, ecology, etc., of these bacteriophages are scanty, and only Spencer (16) Little information exists, however, concerning the structure, biochemical nature, and growth characteristics of marine bacteriophages. The purpose of this study was to characterize biochemically and serologically two marine bacteriophages and their host strain. Eventually, it is hoped that by the accumulation of such data for marine bacteriophages, in general, their role in the marine environment may be elucidated.
MATERIALS AND METHODS
The bacteriophages employed in this study were NCMB 384 and NCMB 385 received from James M. Shewan, National Collection of Marine Bacteria, Torry Research Station, Aberdeen, Scotland. These strains were originally isolated by Spencer from the North Sea 10 miles from shore, and designated by him as P/SWI/a and P/SW1/b. Host (19) , and differential centrifugation (5) methods.
Preparation of purified nucleic acid. Deoxyribonucleci acid (DNA) was isolated from both the host and the purified bacteriophage preparations by the method of Marmur (8) . Ribonuclease and deoxyribonuclease were added to the purified and concentrated bacteriophage preparation prior to the extraction of the bacteriophage DNA to remove contaminating host nucleic acids.
Determination of DNA base ratio. Thermal denaturization-renaturization, i.e., helix-to-coil transition of the purified, highly polymerized host and bacteriophage DNA, were carried out according to the method of Marmur and Doty (10) . Buoyant density measurements in cesium chloride (11) Denaturation of bacteriophage and host DNA at 10 jug/ml was carried out by heating at 100 C for 10 min in 0.015 M NaCl + 0.0015 M Na-citrate, followed by quenching in an ice-water bath.
Preparation of antisera, determination of K values, and one-step growth curves were performed according to the methods described by Adams (1) .
Host specificity. Host specificity, tested by using 1.0 ml of a 24-hr culture with 1. 
RESULTS
The morphology of bacteriophage NCMB 385 has been determined and has been reported in detail elsewhere (18) .
Host-specificity experiments showed that the two bacteriophages, NCMB 384 and 385, lysed only the original host NCMB 397. Other characteristics of the two bacteriophages are presented in Table 1 .
Native preparations of host DNA banded in CsCl with a buoyant density of 1.696 g/cc. From the buoyant density measurement, the overall base composition is calculated to be 37 moles % guanine + cytosine (13, Fig. 1 ).
Both bacteriophage DNA in the native state banded as a unimodal peak in CsCl with a buoyant density of 1.691 g/cc (Fig. 2) . When the DNA was denatured, two peaks of increased density, representing the complementary strands of the DNA, were obtained; their buoyant density was 1.705 g/cc and 1.710 g/cc. From the data, the overall base composition of the DNA from the two phages is identical, since the buoyant density measurements and the behavior of the denatured DNA were identical (Fig. 2) . The ultraviolet absorbance-temperature profiles of native and denatured bacteriophage DNA, NCMB 385, are shown in Fig. 3 .
From the Tm C value (81.5 C), the overall DNA base composition of NCMB 385 was calculated to be 30% guanine + cytosine. bacteriophages isolated from the marine environment and of the purified and highly polymerized DNA obtained from the two bacteriophages, NCMB 384 and 385. Previous studies of bacteriophages isolated from the marine environment have been limited to isolation and culture, with little attention paid to environmental parameters such as effect of temperature and salts on growth and reproduction of host and bacteriophage strains.
Tests to determine host specificity demonstrated that the bacteriophages lysed only the original host, NCMB 397, a marine Cytophaga sp. The bacteriophages, although isolated on separate occasions by Spencer (16) from seawater of the North Sea taken several miles from shore, were found to be serologically related, with minor differences most likely deriving from the protein components.
The studies on DNA from these two bacteriophages show an overall composition identical according to the methods employed (13, Fig. 2 ). The host DNA composition has been calculated at 37 moles % guanine + cytosine.
The bimodal distribution in CsCl density gradients of the denatured bacteriophage DNA is similar to that observed for other bacteriophage DNA of low guanine + cytosine content (9) . The two peaks in the density gradient indicate that the DNA is double-stranded, and from this evidence it can be assumed that the strands, Fig. 2 and 3 ). It would be interesting to determine the involvement of each of the complementary strands in the synthesis of complementary RNA and proteins.
The stability of the bacteriophages in distilled water was very low (<10% viability), with both Mg+H-and Na+ required for retention of at least partial viability. Table 1 presents a summary of several experiments designed to test the stability of the bacteriophages in various media. In increasing order of efficiency of conferring stability on the bacteriophages, sodium, magnesium, and the combination of sodium and magnesium provided greater stability than distilled water. In artificial seawater, however, no significant decrease in titer was noted. It would be expected that free bacteriophages, to survive in seawater, must either be adapted to or resistant to the effects of the ionic constitution of their environment.
Single-burst analysis of the infected host revealed a rather low burst size, 28 
